Introduction
Thymopoietins are polypeptide hormones of the thymus, which induce T-lymphocyte differentiation and perform a restorative activity on impaired T-lymphocyte transformation by PHA in uremic patients. [1] [2] [3] [4] [5] [6] On the other hand, evidence of impaired immune function in patients with chronic uremia has been elucidated. This impairement is reflected in depressed cell-mediated immune function both in vitro and in v ivo and thymic atrophy with degenerative changes has been observed in uremic patients, though the cause of thymic atrophy in uremia is as yet unknown.
In 1995, we reported that an analogue of TP II. [Phe (4 F) 3 ] TP II, exhibited stronger restorative activity than that of TP II on the impaired PHA stimulation of T-lymphocytes in vitro in uremic patients. 7 In 1998, we reported that an analogue of THF-g2, [l-Nal 7 ]-THF-g2, which belongs to the naphtyl group rather than the phenyl group, exhibited a stronger restorative effect than that of THF-g2 and [Phe (4 F) 7 ]-THF-g2 on the impaired PHA response of T-lymphocytes from uremic patients. 8 These results seem to suggest an important role in regulating immunological activities 7, 8 and prompted us to synthesize a TP II analogue containing l-naphthylalanine residue instead of 3-position of phenylalanine by the conventional solution method, to examine the activity of our synthetic [l-Nal 3 ] TP II on the impaired T-lymphocytes of uremic patients and to compare the relative activity between our synthetic TP II [Phe (4 F) 3 ] TP II and [l-Nal 3 ] TP II.
The synthetic route we employed is almost the same as those employed for our previous synthesis of [Phe (4 F) 3 ] TP II. 7 As illustrated in Fig. 1 , the TFA-labile Boc group was employed for N a -protection and amino-acid derivatives bearing protective groups removable by the thioanisole-mediated TFMSA deprotection procedure were employed, i.e. Lys (Z), Glu (OBzl), Thr (Bzl), Asp (OcHex) and Arg (Mts). N a -deprotection with TFA was performed in the presence of anisole, prior to each condensation reaction in the usual fashion. Asp (OcHex) was employed to minimize aspartimide formation during the synthesis of Asp-containing peptides. The C-terminal protected dotetracontapeptide ester 5 was available from our previous synthesis of TP II. The N-terminal protected heptapeptide, Boc-Pro-Glu (OBzl)-l-Nal-Leu-Glu (OBzl)-Asp (OcHex)-Pro-NHNHTroc (III), was prepared stepwise starting from BocLeu-Glu (OBzl)-Asp (OcHex)-Pro-NHNH-Troc 5 by the HOBT-WSCI procedure to minimize racemization.
For the preparation of the N-terminal protected hepatapeptide hydrazide containing Glu (OBzl) and Asp (OcHex), Boc-Pro-Glu (OBzl)-l-Nal-Leu-Glu (OBzl)-Asp (O cHex)-Pro-NHNH 2 (IV), we employed a substituted hydrazide, Troc-NHNH 2 , which is known to be removed by Zn in acetic acid without affecting side chain protecting groups, such as Boc, OBzl and OcHex, and zinc acetate was removed by treatment with EDTA to give the required hydrazide. Boc-proGlu (OBzl)-l-Nal-Leu-Glu (OBzl)-Asp (OoHex)-Pro-NHNH 2 (IV), in analytically pure form. The hydrazine test on the thin-layer chromatograms and elemental H -Pro -Glu -I -Nal -Leu -Glu -Asp -Pro -ser -ValLeu -Thr -Lys -Glu -Lys -Leu -Lys -Ser -Glu -LeuVal -Ala -Asn -Asn -Val -Tyr -Leu -Pro -Ala -Gly -Glu -Gln -Arg -Lys -Asp -Val -Tyr -Val -Glu -Leu -Tyr -Leu -Gln -Ser -Leu -Thr -Ala -Leu -Lys -Arg -OH analysis data were consistent with homogeneity of the desired product.
The two fragments were assembled by the azide procedure, according to the route illustrated in Fig. 1 . The procedure for the coupling reaction was the use of mixture of DMF-DMSO instead of DMF, which could dissolve both N-and C-terminal protected peptides. After coupling, Gly was taken as the diagnostic amino acid in acid hydrolysis. By comparison of the recovery of Gly with new incorporation of the N-terminal fragment in condensation, the reaction was confirmed. The homogeneity of the purified protected nonatetracontapeptide corresponding to the entire amino-acid sequence of [l-Nal 3 ] TP II was checked by elemental analysis, TLC and amino-acid analysis of the acid hydrolysate.
In the final step of the synthesis, the protected nonatetracontapeptide ester was treated with 1 M TFMSA-thioanisole in TFA to remove all protective groups. The deprotected crude peptide was purified by Sephadex G-50 then by ion-exchange column chromatography on a CM-Biogel A column, followed by preparative TLC.
The immunological effect of the synthetic TP II [Phe (4F) 3 ] TP II and [l-Nal 3 ] TP II was examined by the JIMRO (Japan immunoresearch Laboratories Co. Ltd) fluorometric blast-formation test. 
Materials and methods
General experimental procedures used in this paper are essentially the same as described in our previous papers. 6, 7 Melting points are uncorrected. Kite for the fluorometric blast-formation test were purchased from Japan Immunoresearch Laboratories Ltd, Japan. HPLC was conducted with a Shimadzu LC-5A apparatus coupled to a m Bondapak C18 column with a gradient of acetonitrile (15® 38%) in TFA at a flow rate of 1.0 ml/min and the eluate was monitored at 230 nm. The FAB-MS spectrum was obtained on an Auto Spec Q (UQ Analytical Co, UK) mass spectrometer equipped with an OPUS data processor.
Patient selection
Three uremic patients suffering from recurrent infectious diseases were selected. Examination of the cellular immunocompetence of these patients revealed a significant decrease in blast formation by PHA.
3 H-Thymidine incorporation values of these patients were 11,283, 10,994 and 11,342 cpm respectively (normal values 40,993-41,835 cpm).
Venous blood was obtained from these uremic patients for the fluorometric blast-formation test. Venous blood samples from three healthy donors were used as a control. The fluorescence excitation spectrum was measured with a UVLOG-FLOUSPEC-l lA fluorometer.
(2.4 g) was treated with TFA-anisole (12-2.4 ml) in an ice-bath for 40 min, then dry Et 2 O was added, dried over KOH pellets in va c u o for 2 h and then dissolved in DMF (15 ml) containing NMM (0.31 ml). To this icechilled solution. Boc-l-Nal-OH (694 mg), HOBT (372 mg) and WSCI (527 mg) were successively added. After being stirred at 4°C for 12 h, the mixture was poured into an ice-chilled 5% citric acid solution with stirring. 
This compound was prepared from I (1.6 g), Boc-Glu (OBzl)-OH (500 mg), HOBT (237 mg) and WSCI (328 mg) essentially in the same manner as described for the preparation of I. 
This compound was prepared essentially in the same manner as described for the preparation of I by using II (1.4 g), Boc-Pro-OH (250 mg), HOBT (160 mg) and WSCI (232 mg). 
The compound III (1.1 g) in a mixture of AcOH (5 ml) and DMF (5 ml) was treated with Zn dust (480 mg) at 4°C for 2 h and then at room temperature for 8 h. The solution was filtered, the filtrate was concentrated in va cu o , and the residue was treated with 3% EDTA and then with NaHCO 3 to adjust the pH to neutral. Boc-(8-49)-OBzl 5 (187 mg) was treated with TFAanisole (3-0.6 ml) as described above and N a -deprotected peptide was dissolved in DMF-DMSO (1:1, 4 ml) containing NMM (0.003 ml). The azide (prepared from 112 mg of IV) in DMF-DMSO (1:1, 2 ml) and NMM (0.008 ml) were added and the mixture was stirred at -10°C for 48 h. Additional azide (prepared from 40 mg of IV) in DMF-DMSO (1:1, 2 ml) and NMM (0.003 ml) were added and stirring was continued for an additional 18 h until the solution became ninhydrin negative. After being neutralized with a few drops of AcOH, the mixture was poured into ice-chilled 5% citric acid and stirred. H-Pro-Glu-l-Nal-Leu-Glu-Asp-Pro-Ser-Val -Leu-Thr-Lys-Glu-Lys-Leu-Lys-Ser-GluLeu-Val-Ala-Asn-Asn-Val-Thr-Leu-Pro-Ala -Gly-Glu-Gln-Arg-Lys-Asp-Val-Tyr-ValGlu-Leu-Tyr-Leu-Gln-Ser-Leu-Thr-Ala-Leu -Lys-Arg-OH (Corresponding to [l-Nal 3 ]-TP II) (VI)
Compound V (85 mg) was treated with 1 M TFMSAthioanisole in TFA (3 ml) in the presence of m -cresol (70 ml) and Me 2 Se (60 ml) in an ice-bath for 120 min, then the dry Et 2 O was added. The resulting powder was collected by centrifugation, dried over KOH pellets in va cu o for 2 h and dissolved in 2% AcOH (5 ml). The solution, after being stirred with Amberlite IRA-400 (acetate form, approximately, l g) for 30 min, was filtered. The pH of the filtrate was adjusted to pH 8.0 with l N NH 4 OH and after 30 min to pH 6.0 with l N AcOH and the solution was lyophilized to give a fluffy powder. The powder was dissolved in 2% AcOH (2 ml), applied to a column of Sephadex G-50 (3.0 9
5 cm) and eluted with 2% AcOH. Individual fractions (5 ml each) were collected and absorbancy at 260 nm was determined. The front main peak (tube Nos 52-58) was collected and the solvent was removed by lyophilization. Next, the residue was dissolved in H 2 O (2 ml) and was applied to a column of CM-Biogel A (2.3 ´12 cm), which was eluted first with H 2 O (100 ml) and then with a linear gradient from H 2 O (250 ml) to 0.25 M NH 4 OAc buffer (250 ml, pH 6.50). Individual fractions (4 ml each) were collected and absorbancy at 260 nm was determined. The main peak 
Fluorometric blast-formation test
A 3-ml aliquot of venous blood was drawn into a syringe containing 25 U/ml of heparin and then mixed with 3 ml of PBS. Lymphocytes were isolated in a Hypaque-Ficoll gradient. Lymphocytes were adjusted to 1.0 ´10 6 /ml with PBS. The lymphocytes were cultured in 0.5 ml of RPMI 1640 (Gibco) with 10% FCS (Dainippon Pharmaceutical Co.) in microplates. Cultures of each combination were incubated at 37°C in the presence of one of our synthetic peptides in a humidified atmosphere of 5% CO 2 in air for 12 h and then PHA (0.125%, 0.5 ml) was added to each well and incubation was continued under the same conditions for 60 h. Lymphocytes in each well were transfered into a test tube and centrifuged for 10 min at 240´g , then the supernatant was added to the residue and stirred for 20 min at room temperature; the lymphocytes were completely destroyed and solubilized by this procedure. Ethidium bromide solution (2 ml) was added to the above solution and the mixture was stirred for 15 min at room temperature. The fluorescence excitation spectrum was measured essentially in the same manner as described in our previous papers.
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Results and discussion
Our synthetic route to [l-Nal 3 ] TP II is illustrated in Fig.  1 , which shows two fragments selected as building blocks to construct the entire amino-acid sequence of [l-Nal 3 ] TP II. Protected C-terminal dotetracontapeptide ester was identical with that employed in our previous synthesis of TP II. 5 Thus, one fragment, BocPro-Glu (OBzl)-l-Nal-Leu-Glu (OBzl)-Asp (OcHex)-Pro-NHNH 2 (IV), which covers the area of sequence variation between TP II, 5 The crude peptide was purified by gelfiltration on Sephadex G-50 and then by ion-exchange column chromatography on a CM-Biogel A column with linear gradient elution using pH 6.50 ammunium acetate buffer (0 ® 0.25 M) (Fig. 2) , followed by preparative TLC. Desalting on Sephadex G-25 gave a fluffy powder, which exhibited a single spot (ninhydrinand Sakaguchi-positive) on TLC in two different solvent systems and on paper electrophoresis (pH 2.79 acetate buffer). The peptide also exhibited a single peak on HPLC (Fig. 3) . The molecular weight of the synthetic peptide was ascertained by FAB-MS spectrometry. Homogeneity of the synthetic [l-Nal 3 ] TP II was further ascertained by amino-acid analysis after 6 N HCl hydrolysis.
In contrast with normal persons, transformation of T-lymphocytes into lymphoblast mitotic activity after PHA stimuration is depressed in severe uremic patients with infectious diseases.
The in v itro effect of the synthetic TP II, 5 [Phe (4 F) 3 ] TP II and [l-Nal 3 ] TP II on the impaired PHA stimulation of T-lymphocytes from uremic patients is shown in Table 1 .
When peripheral T-lymphocytes isolated from uremic patients were incubated with various amounts of the synthetic TP II from 0.1 to 2.0 mg/ml, restoration of the impaired PHA stimulation of T-lymphocytes was observed at a concentration of 1 mg/ml and above. One of the synthetic two analogues in which Phe (3 position of TP II) was replaced by Phe (4 F) exhibited more potent restorative activity than that of the synthetic TP II ( Table 2 ). The other synthetic peptide [l-Nal3] TP II, exhibited the most potent restorative activity beyond that of our synthetic TP II and [Phe (4 F) 3 ] TP II. The relative potency of the synthetic [l-Nal 3 ] TP II was four times stronger than that of the synthetic TP II (Table 2) . In normal subjects, no effects of TP II [Phe (4 F) 3 ] TP II and [l-Nal 3 ] TP II were observed (data not shown).
In our previous paper, 8 we reported that one of our synthetic THF-g2 analogues, [l-Nal 7 ]-THF-g2, exhibited the most potent restorative effect on the impaired blastogenic response of PHA-stimulated T-lymphocytes of uremic patients and similar results were reported here on TP II analogues. Between the two analogues, [l-Nal 3 ] TP II showed a stronger restorative effect on the impaired blastogenic response of uremic T-lymphocytes than that of [Phe (4 F) 3 ] TP II. This result exhibited that not only a 4-fluorophenyl ring but also a more bulky naphthyl ring could bind with the receptor more strongly than that of TP II. These results seem to suggest that aromaticity of the side chain of 3 position on TP II is important for immunological activities. 
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